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ܽcosθଶ െ ܾcosθଷ െ ܿcosθସ െ ݀ ൌ 0 
Y Component: 
ܽsinθଶ െ ܾsinθଷ െ ܿsinθସ ൌ 0 
Solving these two equations simultaneously for angle θ3 and d: 
ߠଷ ൌ arcsin ൬ܽsinθଶ െ ܾܿ ൰ 










ܿ ൌ ܽcosߠଶ െ ܾcosߠଷ 
















ሶܿ ൌ െܽ߱ଶsinߠଶ ൅ ܾ߱ଷsinߠଷ 
߱ଷ ൌ ܽcosߠଶܾcosߠଷ ߱ଶ 
Therefore  ሶܿ, or the velocity of the slider along the X axis is a function of the link lengths 
a and b and angles ߠଶ, ߠଷ, and the angular velocities ߱ଶ, ߱ଷ; all of which are known. 
ሶܿ ൌ ݂ሺܽ, ܾ, ߠଶ, ߠଷ, ߱ଶ, ߱ଷሻ 
߱ଷ is a function of link lengths a and b, angles ߠଶ, ߠଷand angular velocities ߱ଶ. 














ሷܿ ൌ െܽߙଶsinߠଶ െ ܽ߱ଶଶcosߠଶ ൅ ܾߙଷsinߠଷ ൅ ܾ߱ଷଶcosߠଷ 






ሷܿ ൌ ݂ሺܽ, ܾ, ߠଶ, ߠଷ, ߱ଶ, ߱ଷ, ߙଶ, ߙଷሻ 
ߙଷis a function of link lengths a and b, angles ߠଶ, ߠଷ angular velocities ߱ଶ, ߱ଷ, and 
angular acceleration ߙଶ. 






























































































ܦ௦௟௜ௗ௘௥ ൌ ቌݎ௖௥௔௡௞ cos ቀߚ െ ߛ2ቁ െ 3ݎ௖௥௔௡௞ cosቌsin
ିଵ ቌെݎ௖௥௔௡௞
sin ቀߚ െ ߛ2ቁ
3ݎ௖௥௔௡௞ ቍ ൅ ߨቍቍ
െ ቌݎ௖௥௔௡௞ cos ቀߚ ൅ ߛ2ቁ െ 3ݎ௖௥௔௡௞ cosቌsin
ିଵ ቌെݎ௖௥௔௡௞
sin ቀߚ ൅ ߛ2ቁ








































߶ ൌ 90 ൅ ߛ2 




ߞ ൌ ݏ݅݊ିଵ ൬ܴ௣ sin߶ܥ ൰ 
௫ܲ ൌ ܥ cos ቀ180 െ ߚ െ ߞ െ ߛ2ቁ 




































































Power  RPM  Amperage  Torque  Eff. 
0HP  1920RPM  0.6A  0lb‐in  0 
1HP  1764RPM  10A  36lb‐in  0.84 































































































































































































































































































































































































































































































0  0.233  0.233  1.22E‐02  1.28E‐02 
  1/5   0.233  0.047  2.44E‐03  2.57E‐03 
  1/10  0.233  0.023  1.22E‐03  1.28E‐03 
  1/15  0.233  0.016  8.13E‐04  8.56E‐04 
  1/19  0.233  0.012  6.42E‐04  6.76E‐04 
  1/20  0.233  0.012  6.10E‐04  6.42E‐04 
  1/25  0.233  0.009  4.88E‐04  5.14E‐04 
  1/30  0.233  0.008  4.07E‐04  4.28E‐04 
  1/35  0.233  0.007  3.49E‐04  3.67E‐04 
































































































































































































































qx x( ) Tension 1x S x a( ) x a( ) 1 Tension 2xS x a( ) x a( ) 1
R1xS x b( ) x b( ) 1 FcamxS x c( ) x c( ) 1

R2xS x d( ) x d( ) 1


Vx x( ) Tension 1x S x a( ) x a( )0 Tension 2xS x a( ) x a( )0
R1xS x b( ) x b( )0 FcamxS x c( ) x c( )0

R2xS x d( ) x d( )0


Mx x( ) Tension 1x S x a( ) x a( )1 Tension 2xS x a( ) x a( )1
R1xS x b( ) x b( )1 FcamxS x c( ) x c( )1





































qy x( ) Tension 1y S x a( ) x a( ) 1 Tension 2y S x a( ) x a( ) 1
R1y S x b( ) x b( ) 1 Fcamy S x c( ) x c( ) 1

R2y S x d( ) x d( ) 1


Vy x( ) Tension 1y S x a( ) x a( )0 Tension 2y S x a( ) x a( )0
R1y S x b( ) x b( )0 Fcamy S x c( ) x c( )0

R2y S x d( ) x d( )0


My x( ) Tension 1y S x a( ) x a( )1 Tension 2y S x a( ) x a( )1
R1y S x b( ) x b( )1 Fcamy S x c( ) x c( )1
































































































































































































































݇1 ൌ ܧܣ݈ ൈ ሺ1݅݊  ൈ 0.25݅݊ሻ1.75݅݊ ൌ 1.429 ൈ 10
6 ݈ܾ
݅݊ 
݇2 ൌ ܧܣ݈ ൈ ሺ1݅݊ሻ
2
7.25݅݊ ൌ 1.379 ൈ 10
6 ݈ܾ
݅݊ 










































































































































































































































































































































































































  MPJ‐1424B  CSTM  Safety Factor / Ratio 
Inertia (lbm‐in2)  26.941  76.299   0.353 
Cont. Torque (lb‐in.)  171.8  116.30  1.503 
Peak Torque (lb‐in.)  544.0  164.25  3.312 





































































































































































































































ܴଶ െ ܴଷ െ ܴௌ ൌ 0 
Using the vector magnitudes (link lengths) and corresponding angles the vector loop 
becomes: 
ܽ݁௝ఏమ െ ܾ݁௝ఏయ െ ܿ݁௝ఏభ ൌ 0 
Applying Euler equivalents: 
ܽሺcosߠଶ ൅ ݆sinߠଶሻ െ ܾሺcosߠଷ ൅ ݆sinߠଷሻ െ ܿሺcosߠଵ ൅ ݆sinߠଵሻ ൌ 0 
Separating the real and imaginary components: 
The real, or X component: 
ܽcosߠଶ െ ܾcosߠଷ െ ܿcosߠଵ ൌ 0 
    But ߠଵ ൌ 0, therefore: 





݆ܽsinߠଶ െ ݆ܾsinߠଷ െ ܿsinߠௌ ൌ 0 
    Butߠௌ ൌ 0, therefore: 
ܽsinߠଶ െ ܾsinߠଷ ൌ 0 
Taking the final X and Y components and solving for c and ߠଷ: 
ܿ ൌ ܽcosߠଶ െ ܾcosߠଷ 
ߠଷ ൌ sinିଵ ൬ܽsinθଶܾ ൰ 
Therefore c, or the distance along the X axis of the slider is a function of the link lengths 
a and b and angles ߠଶand ߠଷ, all of which are known.  
ܿ ൌ ݂ሺܽ, ܾ, ߠଶ, ߠଷሻ 
ߠଷis a function of link lengths a and b and angles ߠଶ. 










ܴଶ െ ܴଷ െ ܴௌ ൌ 0 
ܽ݁௝ఏమ െ ܾ݁௝ఏయ െ ܿ݁௝ఏೄ ൌ 0 
Differentiating with respect to time will result in the following velocity equations: 




஺ܸ ൅ ஻ܸ஺ െ ஻ܸ ൌ 0 
 118 
 
஻ܸ ൌ ஺ܸ ൅ ஻ܸ஺ 
 
Applying Euler equivalents: 
݆ܽ߱ଶሺcosߠଶ ൅ ݆sinߠଶሻ െ ݆ܾ߱ଷሺcosߠଷ ൅ ݆sinߠଷሻ െ ሶܿ ൌ 0 
ܽ߱ଶሺെsinߠଶ ൅ ݆ܿ݋ݏߠଶሻ െ ܾ߱ଷሺെsinߠଷ ൅ ݆ܿ݋ݏߠଷሻ െ ሶܿ ൌ 0 
Separating the real and imaginary components: 
The real, or X component: 
െܽ߱ଶsinߠଶ ൅ ܾ߱ଷsinߠଷ െ ሶܿ ൌ 0 
The imaginary, or Y components: 
ܽ߱ଶcosߠଶ െ ܾ߱ଷcosߠଷ ൌ 0 
Taking the final X and Y components and solving for  ሶܿ and ߱ଷ: 
߱ଷ ൌ ܽcosߠଶܾcosߠଷ ߱ଶ 
ሶܿ ൌ െܽ߱ଶsinߠଶ ൅ ܾ߱ଷsinߠଷ 
Therefore  ሶܿ, or the velocity of the slider along the X axis is a function of the link lengths 
a and b and angles ߠଶ, ߠଷ, and the angular velocities ߱ଶ, ߱ଷ; all of which are known. 
ሶܿ ൌ ݂ሺܽ, ܾ, ߠଶ, ߠଷ, ߱ଶ, ߱ଷሻ 
߱ଷ is a function of link lengths a and b, angles ߠଶ, ߠଷand angular velocities ߱ଶ. 









ܴଶ െ ܴଷ െ ܴௌ ൌ 0 
ܽ݁௝ఏమ െ ܾ݁௝ఏయ െ ܿ݁௝ఏೄ ൌ 0 
Differentiating with respect to time will result in the following velocity equations: 
݆ܽ߱ଶ݁௝ఏమ െ ݆ܾ߱ଷ݁௝ఏయ െ ሶܿ ൌ 0 
൫݆ܽߙଶ݁௝ఏమ ൅ ݆ଶܽ߱ଶଶ݁௝ఏమ൯ െ ሺ݆ܾߙଷ݁௝ఏయ ൅ ݆ଶܾ߱ଷଶ݁௝ఏయሻ െ ሷܿ ൌ 0 
൫ܽߙଶ݆݁௝ఏమ െ ܽ߱ଶଶ݁௝ఏమ൯ െ ሺܾߙଷ݁௝ఏయ െ ܾ߱ଷଶ݁௝ఏయሻ െ ሷܿ ൌ 0 
Applying Euler equivalents: 





െܽߙଶsinߠଶ െ ܽ߱ଶଶcosߠଶ ൅ ܾߙଷsinߠଷ ൅ ܾ߱ଷଶcosߠଷ െ ሷܿ ൌ 0 
The imaginary, or Y components: 
ܽߙଶcosߠଶ െ ܽ߱ଶଶsinߠଶ ൅ ܾߙଷcosߠଷ ൅ ܾ߱ଷଶsinߠଷ ൌ 0 
Taking the final X and Y components and solving for  ሷܿ and ߙଷ: 
ߙଷ ൌ ܽߙ2cosߠ2 െ ܽ߱2
2sinߠ2 ൅ ܾ߱32sinߠ3
ܾߙ3cosߠ3  




ሷܿ ൌ ݂ሺܽ, ܾ, ߠଶ, ߠଷ, ߱ଶ, ߱ଷ, ߙଶ, ߙଷሻ 
ߙଷis a function of link lengths a and b, angles ߠଶ, ߠଷ angular velocities ߱ଶ, ߱ଷ, and 
angular acceleration ߙଶ. 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































28 DRIVEN MECHANISM SUBASSEMBLY 1
29 DRIVE MECHANISM SUBASSEMBLY 1
30 BASE PLATE 1
31 L TIMING BELT (MCM P/N 1679K274) 1
BILL OF MATERIALS
CAM-SERVO TEST MACHINE, FULL ASSEMBLY 
CAM DRIVE CONFIGURATION
WORCESTER POLYTECHNIC INSTITUTE

















1 SLEEVE BEARING (MCM P/N 7965K54)
2 THRUST BEARING (MCM P/N 3750K28)
3 SHAFT COLLAR (MCM P/N 9951K130)
4 CAM
5 CAM SHAFT
6 CRANK SHAFT 
7 CRANK MOUNT SHAFT COLLAR (MCM P/N 9677T400)
8 CRANK
9 CONNECTING ROD
10 CAM SUPPORT PLATE
11 CAM SUPPORT CAM SIDE
12 BASE PLATE
13 LINEAR MOTION RAIL (THK P/N HSR LM)
14
 
LINEAR MOTION BLOCK (THK P/N HSR15R)
15 SLIDER BLOCK
16 CAM SUPPORT RAIL SIDE
17 1.194 P.D. TIMING BELT PULLEY (NORDEX P/N E4-10DF)
18 TRANSMISSION SHAFT
19 3.820 P.D. TIMING BELT PULLEY (NORDEX P/N E6-32DF)
20 SLEEVE BEARING (MCM P/N 7965K29)
21 SERVOMOTOR CROSS PLATE (SCOOPED)
22 SERVOMOTOR OPPOSING PLATE
23 SERVOMOTOR PLATE
24 SERVOMOTOR CROSS PLATE
25 KOLLMORGEN B-102-A14 SERVOMOTOR
26 THRUST BEARING (MCM P/N 3750K17)
BILL OF MATERIALS






































ROLLER FOLLOWER, 7.162 P.D. TIMING BELT
PULLEY, AND TIMING BELTS NOT SHOWN












28 DRIVEN MECHANISM SUBASSEMBLY 1
29 DRIVE MECHANISM SUBASSEMBLY 1
30 BASE PLATE 1
31 L TIMING BELT (MCM P/N 1679K274) 1
BILL OF MATERIALS
CAM-SERVO TEST MACHINE, FULL ASSEMBLY 
SERVOMOTOR DRIVE CONFIGURATION
WORCESTER POLYTECHNIC INSTITUTE






1 1.194 P.D. TIMING BELT PULLEY (NORDEX P/N E4-10DF) 2
2 SLEEVE BEARING (MCM P/N 7965K54) 1
5 TRANSMISSION SHAFT 1 
6 3.820 P.D. TIMING BELT PULLEY (NORDEX P/N E6-32DF) 1
9 SERVOMOTOR CROSS PLATE 1
10 SERVOMOTOR OPPOSING PLATE 1
11 SERVOMOTOR PLATE 1
12 SERVOMOTOR CROSS PLATE (SCOOPED) 1

















1 1.194 P.D. TIMING BELT PULLEY (NORDEX P/N E4-10DF) 1
9 SERVOMOTOR CROSS PLATE 1
10 SERVOMOTOR OPPOSING PLATE 1
11 SERVOMOTOR PLATE 1
12 SERVOMOTOR CROSS PLATE (SCOOPED) 1
13 KOLLMORGEN B-102-A14 SERVOMOTOR 1




DRAWING 2-2B SCALE 0.35:1 REVA
NOTE: 










1 1.194 P.D. TIMING BELT PULLEY (NORDEX P/N E4-10DF) 1
2 SLEEVE BEARING (MCM P/N 7965K54) 1
3 THRUST BEARING (MCM P/N 3750K28) 1
4 SHAFT COLLAR (MCM P/N 9951K130) 1
5 TRANSMISSION SHAFT 1
6 3.820 P.D. TIMING BELT PULLEY (NORDEX P/N E6-32DF) 1
7 THRUST BEARING(MCM P/N 3750K17) 1
8 SLEEVE BEARING (MCM P/N 9765K29) 1
BILL OF MATERIALS
CAM-SERVO TEST MACHINE, DRIVE SUBASSEMBLY
TRANSMISSION SHAFT SUBASSEMBLY 
WORCESTER POLYTECHNIC INSTITUTE











1 1.194 P.D. TIMING BELT PULLEY (NORDEX P/N E4-10DF) 1
2??????????? BEARING (MCM P/N 7965K54)                         1
3 THRUST BEARING (MCM P/N 3750K28) 1
4 SHAFT COLLAR (MCM P/N 9951K130) 1
5 TRANSMISSION SHAFT 1
6 3.820 P.D. TIMING BELT PULLEY (NORDEX P/N E6-32DF) 1
7 THRUST BEARING(MCM P/N 3750K17) 1
8 SLEEVE BEARING (MCM P/N 9765K29) 1
CAM-SERVO TEST MACHINE, DRIVE SUBASSEMBLY
TRANSMISSION SHAFT SUBASSEMBLY 
WORCESTER POLYTECHNIC INSTITUTE













1 1.194 P.D. TIMING BELT PULLEY (NORDEX P/N E4-10DF) 1
2     SLEEVE BEARING (MCM P/N 7965K54)                         1
3 THRUST BEARING (MCM P/N 3750K28) 1
4 SHAFT COLLAR (MCM P/N 9951K130) 1
5 TRANSMISSION SHAFT 1
6 3.820 P.D. TIMING BELT PULLEY (NORDEX P/N E6-32DF) 1
7 THRUST BEARING(MCM P/N 3750K17) 1
8 SLEEVE BEARING (MCM P/N 9765K29) 1
CAM-SERVO TEST MACHINE, DRIVE SUBASSEMBLY
TRANSMISSION SHAFT SUBASSEMBLY 
WORCESTER POLYTECHNIC INSTITUTE








ANSI 3/32 INCH KEYWAY
 
NOTE:
ANSI 1/8 INCH KEYWAY









15 SLIDER SUBASSEMBLY 1
16 CRANK SHAFT SUBASSEMBLY 1
17 CAM SHAFT SUBASSEMBLY 1
18 CAM SUPPORT PLATE 2
19 CAM SUPPORT RAIL SIDE 1






DRIVEN MECHANISM SUBASSEMBLY 
WORCESTER POLYTECHNIC INSTITUTE













15 SLIDER SUBASSEMBLY 1
16 CRANK SHAFT SUBASSEMBLY 1
17 CAM SHAFT SUBASSEMBLY 1
18 CAM SUPPORT PLATE 2
19 CAM SUPPORT RAIL SIDE 1
20 CAM SUPPORT CAM SIDE 1
BILL OF MATERIALS
CAM-SERVO TEST MACHINE
DRIVEN MECHANISM SUBASSEMBLY 
WORCESTER POLYTECHNIC INSTITUTE




















2 SLEEVE BEARING (MCM P/N 7965K54) 2
3 THRUST BEARING (MCM P/N 3750K28) 2
4 SHAFT COLLAR (MCM P/N 9951K130) 2
18 CAM SUPPORT PLATE 2
21 CRANK MOUNT SHAFT COLLAR (MCM P/N 9677T400) 2
22 CRANK 1
23 CRANK SHAFT 1
BILL OF MATERIALS
CAM-SERVO TEST MACHINE, DRIVEN SUBASSEMBLY
SECTION VIEW OF CRANKSHAFT SUBASSEMBLY
WORCESTER POLYTECHNIC INSTITUTE
DRAWING 3-2AC SCALE 1:1 REVA
NOTE: CONNECTING ROD, FOLLOWER,
 AND CRANK PIN ARE NOT SHOWN














SEE DETAIL  A









2 SLEEVE BEARING (MCM P/N 7965K54) 2
3 THRUST BEARING (MCM P/N 3750K28) 2
4 SHAFT COLLAR (MCM P/N 9951K130) 2
18 CAM SUPPORT PLATE 2
24 CAM                                                                                                1









SECTION VIEW OF CRANK SHAFT SUBASSEMBLY
WORCESTER POLYTECHNIC INSTITUTE








SEE DETAIL  A






2 SLEEVE BEARING (MCM P/N 7965K54) 2
3 THRUST BEARING (MCM P/N 3750K28) 2
4 SHAFT COLLAR (MCM P/N 9951K130) 2
24 CAM 1
25 CAM SHAFT 1
CAM-SERVO TEST MACHINE, DRIVE SUBASSEMBLY
CAM SHAFT SUBASSEMBLY 
WORCESTER POLYTECHNIC INSTITUTE









FOR 7.162 P.D. 
TIMING BELT PULLEY 
(NOT SHOWN)
# DESCRIPTION QTY
2 SLEEVE BEARING (MCM P/N 7965K54) 2
3 THRUST BEARING (MCM P/N 3750K28) 2
4 SHAFT COLLAR (MCM P/N 9951K130) 2
24 CAM 1
25 CAM SHAFT 1
26 Q.D. BUSHING (MCM P/N 6086K421) 1
27 7.162 P.D. TIMING BELT PULLEY (MCM P/N 6495K222) 1
BILL OF MATERIALS
CAM-SERVO TEST MACHINE, DRIVE SUBASSEMBLY
CAM SHAFT SUBASSEMBLY 
WORCESTER POLYTECHNIC INSTITUTE
DRAWING 3-4B SCALE 0.75:1 REVA
NOTE:
ACTUAL ATTACHMENT OF CAM TO 
CAM SHAFT NOT DETERMINED
BEFORE ANALYSIS INVALIDATING DESIGN











2 SLEEVE BEARING (MCM P/N 7965K54) 2
3 THRUST BEARING (MCM P/N 3750K28) 2
4 SHAFT COLLAR (MCM P/N 9951K130) 2
21 CRANK MOUNT SHAFT COLLAR (MCM P/N 9677T400) 2
22 CRANK 1
23 CRANK SHAFT 1
32 CLEVIS PIN (MCM P/N 92735A520) 1
33 ROLLER FOLLOWER (MCM P/N 340K21) 1
BILL OF MATERIALS
CAM-SERVO TEST MACHINE, DRIVE SUBASSEMBLY
CRANK SHAFT SUBASSEMBLY 
WORCESTER POLYTECHNIC INSTITUTE












FOR 7.162 P.D. 
TIMING BELT PULLEY 
(NOT SHOWN)
CLEVIS PIN IS RETAINED WITH 
E-STYLE RETAINING RING (MCM 
P/N 98408A138) ON REVERSE 
SIDE OF CRANK (NOT SHOWN)
1.000SCALE  
# DESCRIPTION QTY
2 SLEEVE BEARING (MCM P/N 7965K54) 2
3 THRUST BEARING (MCM P/N 3750K28) 2
4 SHAFT COLLAR (MCM P/N 9951K130) 2
21 CRANK MOUNT SHAFT COLLAR (MCM P/N 9677T400) 2
22 CRANK 1
23 CRANK SHAFT 1
26 Q.D. BUSHING (MCM P/N 6086K421) 1
27 7.162 P.D. TIMING BELT PULLEY (MCM P/N 6495K222) 1
32 CLEVIS PIN (MCM P/N 92735A520) 1
33 ROLLER FOLLOWER (MCM P/N 340K21) 1
BILL OF MATERIALS
CAM-SERVO TEST MACHINE, DRIVE SUBASSEMBLY
CRANK SHAFT SUBASSEMBLY 
WORCESTER POLYTECHNIC INSTITUTE
DRAWING 3-6B SCALE 0.5:1 REVA
CLEVIS PIN IS RETAINED WITH
 E-STYLE RETAINING RING (MCM
 P/N 98408A138) ON REVERSE















34 LINEAR MOTION BLOCK (THK P/N HSR15R) 2
35 LINEAR MOTION RAIL (THK P/N HSR LM) 1
36 SLIDER BLOCK 1
BILL OF MATERIALS
CAM-SERVO TEST MACHINE, DRIVE SUBASSEMBLY
TRANSMISSION SHAFT SUBASSEMBLY 
WORCESTER POLYTECHNIC INSTITUTE






34 LINEAR MOTION BLOCK (THK P/N HSR15R) 2
35 LINEAR MOTION RAIL (THK P/N HSR LM) 1
36 SLIDER BLOCK 1
BILL OF MATERIALS
CAM-SERVO TEST MACHINE, DRIVEN SUBASSEMBLY
SLIDER SUBASSEMBLY 
WORCESTER POLYTECHNIC INSTITUTE





SHEET 1 of 1DATE: Jan-12-11CSCALE: 1=5
DRAWN BY: CSTM MQP
MODEL: CSTM
DRAWING: FA-1
TITLE: CSTM FULL ASSEMBLY
WORCESTER POLYTECHNIC INSTITUTE
SERVO MODE CAM MODE
SHEET 1 of 1DATE: Jan-12-11CSCALE: 1=4














SHEET 1 of 1DATE: Jan-12-11CSCALE: 1=4
DRAWN BY: CSTM MQP
MODEL: MECHANISM_SIDE
DRAWING: FA-3









































SHEET 1 of 1DATE: Jan-12-11CSCALE: 1=2












SHEET 1 of 1DATE: Jan-12-11CSCALE: 3=4
DRAWN BY: CSTM MQP
MODEL: CAM_SHAFT_ASSY
DRAWING: FA-5





















SHEET 1 of 1DATE: Jan-12-11CSCALE: 1=1
DRAWN BY: CSTM MQP
MODEL: CRANK_SHAFT_ASSY
DRAWING: FA-6
























SHEET 1 of 1DATE: Jan-12-11CSCALE: 1=1
DRAWN BY: CSTM MQP
MODEL: CON_ROD_ASSY
DRAWING: FA-7










SHEET 1 of 1DATE: Jan-12-11CSCALE: 3=4
DRAWN BY: CSTM MQP
MODEL: THK_HSR_15R_ASSY
DRAWING: FA-8















SHEET 1 of 1DATE: Jan-12-11CSCALE: 1=1
DRAWN BY: CSTM MQP
MODEL: SPRING_PLATE_ASSY
DRAWING: FA-9










































SHEET 1 of 2DATE: Jan-12-11BSCALE: 1=4









   X.X ±  0.1
 
  X.XX ±  0.025
 
 X.XXX ±  0.005
 
X.XXXX ±  0.0001
 
 ANGLE ±  0.5 °
QUANTITY: 1
BREAK SHARP EDGES AND REMOVE BURRS
SHEET 2 of 2DATE: Jan-12-11BSCALE: 1=4









   X.X ±  0.1
 
  X.XX ±  0.025
 
 X.XXX ±  0.005
 
X.XXXX ±  0.0001
 
 ANGLE ±  0.5 °
QUANTITY: 1
8X 17/32 DRILL ( 0.531 )  THRU
   5/8-11 UNC - 2B TAP  THRU
4X 3/8 DRILL (.375) THRU
   0.4997 REAM  0.750
TOP BOTTOM 8X 5/8 DRILL (.625) THRU
   1.0 0.625











SHEET 1 of 1DATE: Jan-11-11BSCALE: 1=1









   X.X ±  0.1
 
  X.XX ±  0.025
 
 X.XXX ±  0.005
 
X.XXXX ±  0.0001
 
 ANGLE ±  0.5 °
QUANTITY: 1
#3 DRILL (0.213) THRU
1/4-28 UNF - 2B TAP  .200 MIN
BREAK SHARP EDGES AND REMOVE BURRS
2.00
 THRU1.2500 THRU.5000  THRU.20










SHEET 1 of 1DATE: Jan-12-11BSCALE: 1=1









   X.X ±  0.1
 
  X.XX ±  0.025
 
 X.XXX ±  0.005
 
X.XXXX ±  0.0001
 





SHEET 1 of 1DATE: Jan-11-11BSCALE: 1=1









   X.X ±  0.1
 
  X.XX ±  0.025
 
 X.XXX ±  0.005
 
X.XXXX ±  0.0001
 









SHEET 1 of 1DATE: Jan-11-11BSCALE: 2=1
DRAWN BY: CSTM MQP
MODEL: MMC_SLEEVE_BEARING_2868T112
DRAWING: F-5






   X.X ±  0.1
 
  X.XX ±  0.025
 
 X.XXX ±  0.005
 
X.XXXX ±  0.0001
 
 ANGLE ±  0.5 °
QUANTITY: 1
CUT MMC_2868T112 TO DIMENSION LENGTH
4.56
1.22
SHEET 1 of 1DATE: Jan-12-11BSCALE: 









   X.X ±  0.1
 
  X.XX ±  0.025
 
 X.XXX ±  0.005
 
X.XXXX ±  0.0001
 
 ANGLE ±  0.5 °
QUANTITY: 1
0.115




























































SHEET 1 of 2DATE: Jan-12-11BSCALE: 1=2









   X.X ±  0.1
 
  X.XX ±  0.025
 
 X.XXX ±  0.005
 
X.XXXX ±  0.0001
 
 ANGLE ±  0.5 °
QUANTITY: 1
 THRU2.000.115.13















R  TYP.25 R1.63
SHEET 2 of 2DATE: Jan-12-11BSCALE: 1=2









   X.X ±  0.1
 
  X.XX ±  0.025
 
 X.XXX ±  0.005
 
X.XXXX ±  0.0001
 





















































SHEET 1 of 2DATE: Jan-10-11BSCALE: 1=4









   X.X ±  0.1
 
  X.XX ±  0.025
 
 X.XXX ±  0.005
 
X.XXXX ±  0.0001
 




SHEET 2 of 2DATE: Jan-10-11BSCALE: 1=4









   X.X ±  0.1
 
  X.XX ±  0.025
 
 X.XXX ±  0.005
 
X.XXXX ±  0.0001
 
 ANGLE ±  0.5 °
QUANTITY: 1
9X 5/8-11 UNC - 2B TAP  1.250
17/32 DRILL (0.531)  2.000
17/32 DRILL (0.531) THRU
8X 5/8-11 UNC - 2B TAP THRU
#3 DRILL (0.213) THRU
1/4-28 UNF - 2B TAP  0.2 MIN






































































SHEET 1 of 2DATE: Jan-10-11BSCALE: 1=4









   X.X ±  0.1
 
  X.XX ±  0.025
 
 X.XXX ±  0.005
 
X.XXXX ±  0.0001
 
 ANGLE ±  0.5 °
QUANTITY: 1
2X  THRU1.4990
SHEET 2 of 2DATE: Jan-10-11BSCALE: 1=4









   X.X ±  0.1
 
  X.XX ±  0.025
 
 X.XXX ±  0.005
 
X.XXXX ±  0.0001
 
 ANGLE ±  0.5 °
QUANTITY: 1
9X 17/32 DRILL (0.531)  2.000
5/8-11 UNC - 2B TAP  1.250
2X #3 DRILL (0.213) THRU
1/4-28 UNF - 2B TAP  0.2 MIN
5X 0.4997 REAM  0.750
7X #29 DRILL ( 0.136 )  THRU
8-36 UNF - 2B TAP  THRU
 THRU.7495





























SHEET 1 of 1DATE: Jan-12-11BSCALE: 3=4









   X.X ±  0.1
 
  X.XX ±  0.025
 
 X.XXX ±  0.005
 
X.XXXX ±  0.0001
 
 ANGLE ±  0.5 °
QUANTITY: 1
8X .2756 2.033 REF
8X .1575 THRU REF

















SHEET 1 of 1DATE: Jan-10-11BSCALE: 1=1









   X.X ±  0.1
 
  X.XX ±  0.025
 
 X.XXX ±  0.005
 
X.XXXX ±  0.0001
 
 ANGLE ±  0.5 °
QUANTITY: 1
4X .656 THRU.4997 REAM 0.875
1.23 0.375
2X .4997 REAM .75










SHEET 1 of 1DATE: Jan-10-11BSCALE: 1=2









   X.X ±  0.1
 
  X.XX ±  0.025
 
 X.XXX ±  0.005
 
X.XXXX ±  0.0001
 
 ANGLE ±  0.5 °
QUANTITY: 1
387
SHEET 1 of 1DATE: Jan-12-11BSCALE: 3=4









   X.X ±  0.1
 
  X.XX ±  0.025
 
 X.XXX ±  0.005
 
X.XXXX ±  0.0001
 
 ANGLE ±  0.5 °
QUANTITY: 1
UNITS IN METRIC
CUT TO SPECIFIED LENTH
